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[57] ABSTRACT 

Disclosed are a structural member, such as a truss, and 
a method and apparatus for fabricating the same from 
flexible sheet material in compacted form. A plurality of 
generally tubular columns are progressively formed 
from the sheet material and deployed generally parallel 
to one another. Adjacent pairs of the columns are inter- 
connected by respective side members, each of which is 
comprised of a strip of the sheet material. The sheet 
material is fastened together by self-attaching fasteners 
integrally formed from the sheet material of the col- 
umns and side members themselves. 

60 Claims, 21 Drawing Figures 
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STRUCTURAL MEMBERS, METHOD AND 
APPARATUS 

ORIGIN OF THE INVENTION 5 

The invention described herein was made by an em- 
ployee of the United States Government and may be 
manufactured and used by or for the Government of the 
United States of America for governmental purposes 
without the payment of any royalties thereon or there- 
for. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 15 

The present invention relates to the fabrication of 

structural members such as trusses, particularly for use 
in space. The usefulness of large orbiting space struc- 
tures such as solar energy collecting stations and vari- 
ous other types of space stations is now widely recog- 2Q 
nized. In constructing such structures, it is impractica- 
ble to transport the building materials to the space con- 
struction site in the form of completed structural units 
such as trusses. Only relatively few such units could be 
transported in a single trip of the space shuttle or other 2J 
vehicle. Thus the cost of transporting enough units to 
construct a large space structure would be prohibitive. 

It is thus extremely important that techniques be 
developed for forming the structural units in space and 
that the construction materials be transported into space 30 
in the most compact form possible. At the same time it 
is necessary that these materials be as lightweight as 
possible and that the amount of material needed to con- 
struct a given item be minimized. 

It thus becomes readily apparent that conventional 35 
construction materials, such as dense, rigid metal beams, 
plates, and the like are not practical for use in such 
projects. However, the environment of space with its 
low gravitational forces and relative freedom from air- 
borne chemicals of various kinds permits the use of 40 
unique construction materials which would be unsuit- 
able for like use on earth. 

The use of such different materials, along with the 
differences in the space environment, in turn make the 
construction techniques conventionally used on earth 45 
impractical for use in space, and drastically different 
methods are indicated. Among the requirements of such 
different methods are that the fabrication process be as 
fully automated as possible and that the amount of addi- 
tional material needed to fasten various component 50 
elements together be minimized. 

2. Description of the Prior Art 

U.S. Pat. Nos. 3,961,738 and 3,840,960 each disclose 
somewhat automated devices for manufacturing struc- 
tural units. However, neither the raw materials, the 55 
manufacturing devices, nor the finished products as 
well suited for use in space. The raw materials include 
metal of substantial density and inherent rigidity, and 
the manufacturing methods and devices are adapted to 
these materials rather than to the types which are pref- 60 
erably used to form structural members for use in space. 
The finished products are likewise heavier than is 
proper for space structures. The techniques disclosed 
also involve numerous other features which would be 
undesirable for space use. For example, the device of 65 
U.S. Pat. No. 3,961,738 requires a separate connecting 
medium, namely a welding material, which constitutes 
additional weight and takes up additional space. 
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U.S. Pat. Nos. 3,740,812, 3,768,130, and 2,141,642 also 
disclose techniques for forming structural units which 
make some attempt to minimize the number of separate 
parts which must be attached together. However, again 
each of the prior patents is unsuitable for space use 
because of the rigidity and/or weight of the initial mate- 
rials and/or the need for separate connecting elements 
or media. 

U.S. Pat. Nos. 2,316,349 and 3,940,962 suggest means 
for forming cylindrical members from sheet material. 
The latter of these two patents also suggests means for 
fastening metal without additional connecting means, as 
do U.S. Pat. Nos. 3,722,280 and 3,470,596. However, 
none of these prior patents disclose apparatus which is 
well suited for use in space, nor are they suggestive of a 
total scheme for forming a structural member such as a 
truss. 

SUMMARY OF THE INVENTION 

The present invention comprises an apparatus and 
method of forming a structural member such as a truss, 
as well as the structural member itself. The method and 
apparatus of the invention are particularly suited for use 
in space in that they use as the basic construction mate- 
rial lightweight flexible sheet material in compacted 
form. Such material optimizes both the space and 
weight factors thereby permitting enough material for a 
substantial amount of construction to be carried on one 
trip of the transport vehicle. 

Once the vehicle has reached the construction site, 
one or more structural members may be formed by a 
fully automated apparatus which minimizes the need for 
extra-vehicular activities by personnel. In particular, 
the truss-forming apparatus may remain in a suitable 
bay in the transport vehicle and the truss may be pro- 
gressively formed by such apparatus and deployed from 
the bay. 

In the preferred forms of the invention, the flexible 
sheet material is stored on or in the forming apparatus in 
compacted form, e.g. roll form. Column-forming means 
progressively form a plurality of tubular column mem- 
bers from respective strips of the sheet material and 
deploy these column members generally parallel to one 
another. Adjacent pairs of the column members are 
interconnected by progressively securing a respective 
side member, comprised of a respective strip of the 
sheet materia], between each such pair of column mem- 
bers. 

The sheet material from which the structural member 
is made is much more flexible and less dense than the 
materials used in constructing structural members for 
use on earth. However, the manner in which such sheet 
material is formed into the structural member permits 
the latter to withstand extremely high loading, particu- 
larly in comparison with its own weight. For example, 
while the sheet material per se is inherently flexible, in 
the ordinary sense of the word, the structural member 
formed therefrom is substantially rigid, i.e. capable of 
maintaining its form under significant loads. In the uses 
for which such structural members are primarily in- 
tended, the main type of loading encountered will be 
endwise compressive loading. The tubular form of the 
column members enables them to withstand endwise 
compressive loads far exceeding their own weights. 

The weight of the sheet material from which the 
structural members are fabricated may be further re- 
duced by pre-cutting the strips of sheet material from 
which the side members are to be made to form inter- 
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connected strips to serve as compression and tension 
struts. Such struts provide ample structural strength for 
the structural member, yet the removal of the excess 
material therebetween substantially reduces the weight 
of the construction material needed for each member. 5 
The resulting open areas also enhance the thermal ex- 
pansion characteristics of the finished truss by permit- 
ting exposure of all sides to the sun’s rays. The compres- 
sive strength of each of the compression struts may be 
further enhanced by forming an elongate bead thereon. 10 

The present invention further reduces the weight of 
the raw material which must be carried to the construc- 
tion site in space by providing for the securing together 
of overlapping layers of the sheet material by self- 
attaching tabs formed from the main bodies of the sheet 15 
material itself. Thus no separate connecting members or 
media, such as welding material, staples, adhesive, or 
the like, need be carried by the transport vehicle nor are 
any wasteful by-products produced. These self-attach- 
ing tabs may be used not only to fasten the side members 20 
to the column members of the structural member, but 
also to fasten the sheet material of each individual col- 
umn member upon itself. In the preferred forms of the 
invention, the apparatus for forming such tabs also 
serves to advance the sheet material during the progres- 25 
sive formation of the structural member.^ 

Several special techniques may be employed to see 
that the structural member is kept straight as it is pro- 
gressively formed. This is especially important as it is 
anticipated that the individual structural members will 30 
be much longer than their earth-borne counterparts. 
One of these techniques is to deploy the structural mem- 
ber toward the earth. While the environment of the 
construction site may be considered “weightless” for 
most purposes, the slight amount of the earth’s gravity 35 
which is exerted, in the absence of other substantial 
gravitational forces, can have a significant effect on the 
path in which the structural member is progressively 
deployed and thus on its straightness. 

Another technique which may be used in this connec- 40 
tion is the sensing of a target mounted on the end of the 
structural member and movable therewith. By compar- 
ing this target with a suitable reference, it is possible to 
detect slight deviations before they advance to a harm- 
ful degree. One way of providing for such compensa- 45 
tion is to provide separate variable speed motors for the 
forming mechanisms for the respective column mem- 
bers and selectively varying their speeds to control the 
direction of deployment of the structural member. 

Accordingly, it is a principal object of the present 50 
invention to provide a structural member comprised of 
flexible sheet material and a method and apparatus for 
forming same. 

Another object of the invention is to provide an auto- 
mated apparatus for forming such a structural member. 55 

A further object of the invention is to provide a struc- 
tural member, method, and apparatus therefor which 
are particularly suited for use in space. 

Still another object of the invention is to provide a 
means for attaching overlapping layers of sheet material 60 
without the use of separate connecting media. 

Another object of the invention is to provide means 
for guiding the direction of progressive formation of a 
structural member. 

Still other objects, features, and advantages of the 65 
present invention will be made apparent by the follow- 
ing description of the preferred embodiments, the draw- 
ings, and the claims. 
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BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is an elevational diagrammatic view of a struc- 
tural member being deployed from a space vehicle in 
accord with the invention. 

FIG. 2 is a perspective view of a structural member 
according to the invention with parts broken away. 

FIG. 3 is a transverse cross-sectional view taken on 
line 3—3 of FIG. 2. 

FIG. 3A is a view similar to that of FIG. 3 of a sec- 
ond form of the structural member. 

FIG. 4 is a perspective view of the apparatus for 
forming the structural member of FIGS. 2 and 3. 

FIG. 5 is a longitudinal cross-sectional view of one of 
the column-forming assemblies of the apparatus of FIG. 
4. 

FIG. 6 is a cross-sectional view taken on line 6 — 6 of 
FIG. 5. 

FIG. 7 is a sectional view taken on line 7 — 7 of FIG. 
4 and including one of the bead-forming assemblies and 
one of the fastening assemblies for the side members. 

FIG. 8 is a view taken on line 8 — 8 of FIG. 7. 

FIG. 9 is an enlarged view partly in section and 
partly in elevation of one form of fastening assembly. 

FIG. 10 is a view taken on line 10 — 10 of FIG. 9. 

FIG. 11 is a plan view of one of the self-fastening 
means formed by the assembly of FIGS. 9 and 10. 

FIG. 12 is an enlarged view partly in section and 
partly in elevation of one of the bead-forming assem- 
blies. 

FIG. 13 is a view taken on line 13 — 13 of FIG. 12. 

FIG. 14 is an enlarged sectional view of a second type 
of fastening assembly. 

FIG. 15 is a view similar to that of FIG. 14 showing 
the movable parts in a different position. 

FIG. 16 is a plan view of one of the self-fastening 
means formed by the assembly of FIGS. 14 and 15. 

FIG. 17 is a schematic depicting the sequencing 
means for the assembly of FIGS. 14 and 15. 

FIG. 18 is a longitudinal view partly in section of a 
column-forming assembly for forming the type of col- 
umn shown in FIG. 3A taken on line 18 — 18 of FIG. 20. 

FIG. 19 is a transverse sectional view taken on line 

19— 19 of FIG. 18. 

FIG. 20 is a transverse sectional view taken on line 

20— 20 of FIG. 18. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawing, FIGS. 2 and. 3 illus- 
trate a structural member, in particular a truss 10, ac- 
cording to the present invention. The truss 10 is formed 
of sheet material which is, per se flexible. However, the 
sheet material is formed into a truss in such a way that 
the finished product is essentially rigid. While flexibility 
and rigidity are technically relative qualities, the terms 
“flexible” and “rigid” will be used herein in a common 
or every day sense. Thus where a substantial length of 
a sheet material, say one or two meters, will flex under 
its own weight, e.g. when one end thereof is lifted, or 
can be easily flexed manually, at earth’s gravity, the 
sheet material will be considered “flexible.” On the 
other hand, the finished truss of the length desired for 
use in a space construction project, is capable of sub- 
stantially maintaining its configuration without readily 
noticeable deformation under at least its own weight, 
whether loaded endwise as a column or laterally as a 
beam, and would be considered “rigid.” 
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One example of a preferred type of sheet material for 
the formation of the trusses of the present invention is 
sheet aluminum. Aluminum rolled stock ranging in 
gauge from about 0.01 cm. (0.004 in.) to 0.03 cm. (0.012 
in.) has been successfully tested for use in the present 5 
invention. Other examples of suitable sheet materials are 
thermoplastic materials such as polysulfones as well as 
plastic laminates, either “pre-preg” or finished. Each of 
these materials has a number of characteristics which 
are desirable in connection with the present invention. 10 
In particular, they are essentially flexible, yet not too 
flexible to prevent their formation into an essentially 
rigid finished product. Their flexibility permits them to 
be stored in compacted form, e.g. on rolls, in the trans- 
port vehicle. The preferred materials are also of rela- 15 
tively low density, as compared to conventional con- 
struction materials such as steel. Thus sufficient material 
for a substantial amount of construction may be trans- 
ported to the space construction site by a vehicle such 
as the space shuttle. The flexibility of the material also 20 
permits its formation into a truss with light duty equip- 
ment. 

Referring again to FIGS. 2 and 3, the truss 10 in- 
cludes three parallel tubular columns 12. As used 
herein, the term “tubular” will be used to denote a 25 
structure which is essentially continuous and closed 
(with the exception of relatively small openings or the 
like such as might be formed, for example, by the at- 
tachment means to be described below), and such termi- 
nology is not intended to limit the configuration of the 30 
column to a cylindrical form. Each of the columns 12 is 
formed from a respective strip of sheet material closed 
upon itself by helical winding and then fastened in a 
manner to be described more fully below. 

Each adjacent pair of the columns 12 is intercon- 35 
nected by a respective side member 14 formed by a 
respective strip of sheet material. Each side member 14 
is substantially planar, with the exception of beads 16, 
and is disposed with its opposite side edges 18 adjacent 
respective ones of the connected pair of columns 12. 40 
Tlius the truss 10 is generally triangular in transverse 
cross-sectional configuration, as best shown in FIG. 3. 

In order to further reduce the weight of the construc- 
tion material and the finished truss, the side members 14 
are precut to remove excess material over and above 45 
what is necessary to provide sufficient structural 
strength in the finished truss. Each side member thus 
includes a pair of longitudinally extending attachment 
elements 20 each adjacent a respective one of the side 
edges 18 and secured to the adjacent column 12. The 50 
pre-cutting also forms a number of strut elements ex- 
tending generally transversely between the attachment 
elements and integral therewith. These strut elements 
include longitudinally spaced apart compression struts 
22 disposed substantially perpendicular to the attach- 55 
ment elements 20. The sheet material of the side mem- 
bers 14 is deformed to provide an elongate bead 16 
along each of the compression struts and through the 
adjacent portions of the attachment elements 20, i.e. 
from one side edge 18 to the other. Beads 16 increase 60 
the compressive strength of the struts 22. The strut 
elements also include a number of tension struts 24 
extending diagonally between the attachment elements 
20 and the compression struts 22 and integral therewith. 

In the form of truss shown, there are a pair of crossed 65 
tension struts 24 between each adjacent pair of the com- 
pression struts 22. However numerous other arrange- 
ments are possible. 


The pre-cutting of the side members and the resulting 
open areas between the struts and attachment elements 
also enhances the thermal expansion characteristics of 
the finished truss by permitting at least some direct 
exposure of each column and side member to solar 
radiation. This substantially reduces the problem of 
bending of the truss which might otherwise occur due 
to disproportionate thermal expansion of opposite sides 
of the truss, where one side is directly exposed to the 
sun’s rays, and the other side is substantially shielded. 

Referring now to FIG. 4, there is shown an apparatus 
for progressively forming the type of truss 10 illustrated 
in FIGS. 2 and 3. The apparatus is sized to fit in a bay 
in a suitable transport vehicle, such as the space shuttle 
26 illustrated in FIG. 1. During transport, the apparatus 
may be disposed in a sideways position in the cargo bay. 
When the construction site is reached, the doors 28 of 
the bay may be opened and the apparatus may be raised 
to an upright position with respect to the shuttle 26 on 
suitable hinged connections. As the truss 10 is progres- 
sively formed, it is deployed outwardly from the shuttle 
26. 

The truss-forming apparatus of FIG. 4 includes a base 
plate 30 on which are mounted three column-forming 
assemblies 32 each for forming a respective one of the 
columns 12. A second plate 34 is supported above the 
assemblies 32 by a number of spacers, two of which are 
shown at 36, interconnecting the plates 30 and 34. The 
columns 12 progressively formed by the assemblies 32 
are deployed upwardly through apertures 44 in plate 34 
for connection to the side members 14. 

Mounted on plate 34 are four pair of brackets 38. At 
the bottom of each pair of brackets 38 a roll 40 of sheet 
material for a respective one of the side members 14 is 
stored between the brackets 38 and mounted on a re- 
spective spindle 42 whose ends are rotatably mounted in 
respective ones of the pair of brackets 38. The brackets 
38 of each pair are aligned with respective ones of a pair 
of adjacent columns 12 whereby the respective roll 40 is 
properly positioned generally parallel to its intended 
final position interconnecting those two columns. 

A shelf 46 is rigidly mounted between each pair of 
brackets 38 above the respective roll 40. Mounted on 
each shelf 46, and also between the respective pair of 
brackets 38, is a bead-forming assembly 48. Each of the 
assemblies 48 sequentially forms beads 16 on the sheet 
material for a respective one of the side members 14 
after it is deployed from the roll 40 but prior to its at- - 
tachment to the columns 12. 

A respective housing 50 is mounted above each of the 
bead-forming assemblies 48 on and between the respec- 
tive pair of brackets 38. Each of the housings 50 en- 
closes at one end a portion of an attaching assembly for 
progressively securing one of the attachment elements 
20 of the respective side member 14 to the adjacent one 
of the columns 12. The other attachment element 20 of 
that side member 14 is similarly secured to its respective 
column 12 by an identical assembly portion housed in 
the other end of housing 50. 

Referring now to FIGS. 5 and 6 in conjunction with 
FIG. 4, one of the column-forming assemblies 32, each 
of which is identical, will be described in more detail. 
The assembly 32 includes the lower portion of a man- 
drel 52 rigidly mounted in the base plate 30 to extend 
perpendicularly therefrom by any suitable means such 
as a key 54. Mandrel 52 extends through the aperture 44 
in upper plate 34 to support the column 12 for securing 
to the side members 14. A sleeve 54 coaxially surrounds 
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the portion of mandrel 52 between plates 30 and 34. The 
ends of sleeve 54 are rotatably mounted in respective 
ones of the plates 30 and 34 by bearing assemblies 56. 
Extending laterally outwardly from sleeve 54 and inte- 
gral therewith is a roller housing 58. Housing 58 is not 5 
perpendicular to sleeve 54 but rather is angled toward 
plate 30 from its inner to its outer extremity for a pur- 
pose to be described below. A reel 60 is mounted on the 
exterior of sleeve 54 above roller housing 58 for rotation 
about an axis perpendicular to that of sleeve 54. Reel 60 10 
stores a roll 62 of sheet material for forming the respec- 
tive column 12. 

The strip of sheet material is threaded from the roll 60 
through an aperture 64 in the roller housing 58 and 
under a first idler roller 66. Roller 66 is rotatably 15 
mounted in the housing 58 with its axis at an angle to the 
sleeve 54, as well as to the direction at which housing 58 
extends from the sleeve, such that it changes the orien- 
tation of the strip of sheet material from parallel to 
sleeve 54 to parallel to housing 58. The strip of sheet 20 
material next passes away from sleeve 54 and around a 
drive roller 68 rotatably mounted in the distal end of 
housing 58 on a shaft 70. Shaft 70 and roller 68 are 
disposed perpendicular to the direction in which hous- 
ing 58 extends from sleeve 54. The strip of sheet mate- 25 
rial next passes back toward sleeve 54 between pairs of 
opposed idler rollers 72 rotatably mounted in housing 
58 parallel to drive roller 68. The strip then passes 
through an aperture 74 in sleeve 54 and onto the man- 
drel 52. 30 

An electric variable speed motor 76 is mounted on 
the exterior of housing 58 and operatively associated 
with the shaft 70 of the drive roller 68. Shaft 70 extends 
through housing 58 and has a bevel gear 78 on its end 
opposite motor 76 and just outside housing 58. Gear 78 35 
engages another gear 80 on the end of a shaft 82 which 
extends along the exterior of the housing 58 and into a 
gear box 84 mounted on sleeve 54 below housing 58. 
Through gears (not shown) in the box 84 torque is trans- 
mitted to a spur gear 86 engaging the teeth of a second 40 
spur gear 88 formed on the interior of an annular flange 
90 rigidly mounted on plate 30 in coaxially surrounding 
relation to the lower portion of sleeve 54. 

It can thus be seen that when the motor 76 is operat- 
ing, the entire sub-assembly comprising the sleeve 54 45 
and housing 58 along with the various parts mounted 
thereon is caused to rotate about the mandrel 52 thus 
wrapping the strip of sheet material around the mandrel 
52. Due to the angle at which housing 58 extends from 
sleeve 54, the strip is helically wrapped with adjacent 50 
turns of the helix overlapping along the side edges of 
the strip of sheet material as indicated in phantom at 92. 

The turns of the helix of column 12 are first brought 
into overlapping relation at the point at which the sheet 
material first engages the column. Adjacent this point 55 
there is a fastening assembly, one sub-assembly 94 of 
which is mounted within the mandrel 52, and the other 
sub-assembly 96 of which is mounted on the sleeve 54 
adjacent aperture 74 for rotation with sleeve 54. The 
assembly 94, 96 will be described in detail below. At this 60 
point it is simply noted that assembly 94, 96 serves to 
secure together the overlapping layers of sheet material 
of column 12 by self-attaching tab means formed from 
the sheet material itself. 

The column 12 thus formed, while comprised of sheet 65 
material which per se is flexible, has sufficient rigidity as 
a column so that, as the sheet material continues to be 
progressively wrapped around the mandrel 52 and at- 
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tached upon itself, the column thereabove is forced 
along the mandrel 52 and deployed toward the fasten- 
ing assemblies for securing the side members 14 to the 
column. While roller 68 has been shown as a drive 
roller, this expedient is not strictly necessary as the 
wrapping and attaching of the sheet material will in 
many cases be sufficient to advance the column 12 along 
the mandrel and to pull additional sheet material from 
roll 62. However, the provision of a drive connection to 
roller 68 ensures proper movement of the sheet mate- 
rial. It is also noted that, because the sub-assembly in- 
cluding sleeve 54, housing 58, etc. rotates about man- 
drel 52, rather than the mandrel 52 rotating within 
sleeve 54, the column 12 does not rotate as it is deployed 
along the mandrel 12 thereby facilitating simultaneous 
attachment of the three columns 12 to the side members 
14. 

Referring now to FIGS. 7 and 8, there is shown the 
apparatus disposed between one pair of brackets 38. 
This apparatus includes a roll 40 of sheet material for a 
respective one of the side members 14 of the truss, a 
bead forming assembly 48, and a pair of fastening assem- 
blies each of which comprises sub-assemblies 50 and 98. 
As best seen in FIG. 8, the sheet material for the side 
member 14 is pre-cut to remove the material between 
the strips which are to serve as the attachment elements 
20 and struts 22 and 24. The material is then wound on 
a spool 100 which rotates on a shaft 42 whose ends are 
mounted in respective ones of the brackets 38. Thus the 
sheet material is stored on the apparatus for transport to 
the construction site and subsequent use in forming the 
truss. 

The sheet material is fed from the spool 100 upwardly 
between a pair of opposed guide rollers 102, through an 
aperture 104 in plate 46 and into the bead forming as- 
sembly 48. Within the assembly 48 a pair of “flying” 
dies, 106, 107 are cyclically driven, in a manner to be 
described more fully below, to successively form beads 
16 on the compression struts 22 as the sheet material 
progressively passes through the assembly 48. 

After passing through the assembly 48, the sheet 
material passes upwardly through an aperture 108 in the 
upper end of the housing of the bead-forming assembly 
and into the fastening assemblies 50, 98. Each of the 
fastening assemblies has one of its sub-assemblies 50 
mounted on one of the brackets 38 and the other sub- 
assembly 98 mounted within a respective one of the 
mandrels 52 in opposition to the respective sub-assem- 
bly 50. The sub-assemblies 50 and 98 are thus positioned 
to fasten a respective one of the attachment elements 20 
of the side member 14 to a respective one of the col- 
umns 12 in generally tangential relation. Like the fasten- 
ing assemblies 94, 96 of the column-forming assemblies, 
fastening assemblies 50,98 operate to form self-attaching 
tabs from the overlapping layers of sheet material of the 
respective columns 12 and attachment elements 20 per 
se, without the use of extraneous fastening means, and 
further operate to advance the side member 14 and 
connected columns 12. 

Apparatus similar to that shown in FIGS. 7 and 8 is 
disposed between each of the other two pair of brackets 
38 for handling the other two side members 14. 

FIGS. 12 and 13 show one of the bead-forming as- 
semblies in greater detail. This assembly includes two 
sub-assemblies 110, each associated with a respective 
one of the dies 106, 107. The sub-assemblies 110 are 
identical in structure and operation except for the fact 
that one sub-assembly includes female die 106, while the 
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other includes a male die 107. Accordingly, all corre- 
sponding parts of the two sub-assemblies except for the 
dies will be given like reference numerals. 

The sub-assembly 110 including the female die 106 
further comprises a housing 112 having an open side 5 
facing toward the sheet material of side member 14. A 
pair of guide rods 114 are fixedly mounted in the hous- 
ing 112 and disposed generally parallel to the direction 
in which the side member 14 moves through the bead- 
forming assembly, indicated by the arrow A. A mount- 10 
ing plate 116 is slidably mounted on rods 114 for recip- 
rocating movement in the direction of arrow B, i.e. 
generally parallel to the direction of movement of side 
member 14. A motor 120 reciprocates plate 116 in the 
direction of arrow B via a rod 122 connected to the 15 
plate 116. 

Four die-carrier rods 118 extend slidably through the 
plate 116 in a direction generally perpendicular to rods 
114. The female die 106 is mounted on the ends of rods 
118 at the open side of housing 112. Thus, as rods 118 20 
slide in the plate 116, the die 106 is reciprocated toward 
and away from the sheet material in a direction gener- 
ally transverse to the direction of movement of the 
sheet material. The ends of rods 118 distal the die 106 
are provided with flanges 124. A compression spring 25 
126 is mounted between each of the flanges 124 and the 
plate 116 whereby the rods 118 and attached die 106 are 
normally biased away from the side member 14. 

A pair of brackets 128 extend from plate 116 toward 
die 106. Rotatably carried by the brackets 128 is a cam 30 
shaft 130. Shaft 130 is mutually perpendicular to both 
rods 118 and rods 114. Fixedly mounted on shaft 130 
and spaced along its length are a pair of cams 132 which 
engage the die 106. A motor 134 is provided at one end 
of shaft 130 to rotate the shaft 130 and its cams 132. 35 

It can be seen that, as the motor 120 reciprocates rod 
122, the plate 116 will be reciprocated in the direction 
of arrows B, moving first in the same direction as side 
member 14 and then back in an opposite but parallel 
direction. Plate 116 will carry rods 118, die 106, brack- 40 
ets 128, cam shaft 130, cams 132 and motor 134 along 
with it in this reciprocating movement. Simultaneously, 
motor 134 will rotate shaft 130 whereby die 106 will be 
reciprocated toward and away from side member 14 
alternately under the influence of the lobes of cams 132 45 
and the springs 126. The motors 120 and 134 are syn- 
chronized so that the die 106 is cammed inwardly dur- 
ing the forward stroke of motor 120, i.e. that stroke 
which moves the plate 116 in the same direction as side 
member 14. During the return stroke of motor 120, in 50 
which plate 116 is moved in a direction opposite that of 
side member 14, die 106 is urged away from member 14 
by springs 126. The speed of motor 120 is also synchro- 
nized with that of the fastening assemblies 50, 98. Thus 
the operation of the bead-forming assembly will not 55 
interfere with the movement of the side member 14. 

As mentioned above, the left-hand sub-assembly 110 
includes a like mechanism for simultaneously recipro- 
cating male die 107 in the direction of arrows B and 
toward and away from side member 14. The mechanism 60 
for die 107 is synchronized with that for die 106 so that 
the dies are caused to mate as they move toward side 
member 14. Thus the dies deform the sheet material to 
successively form beads 16 spaced along the length of 
side member 14. The fact that both dies 106 and 107 65 
move toward and away from the sheet material of side 
member 14, as well as along its direction of travel, fur- 
ther serves to prevent interference with the movement 
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of side member 14, binding of the sheet material, etc. 
Furthermore, the sizes and speed of rotation of cams 
132 are suitably coordinated with the spacing between 
the compression struts 22 of the side member so that the 
beads 16 will be formed on the compression struts. 

Turning now to FIGS. 9 and 10, one form of fasten- 
ing assembly is shown. The assembly of FIGS. 9 and 10 
is a rotary type fastening assembly and includes two 
sub-assemblies 136 and 138. The rotary type fastening 
assembly is primarily intended to be used in the column- 
forming assemblies for the purpose of fastening the 
sheet material of each spiral column 12 upon itself, in 
which case one of the sub-assemblies 136 or 138 would 
be disposed in the mandrel 52 in the position diagram- 
matically indicated by 94, and the other sub-assembly 
would be disposed at 96 (see FIGS. 5 and 6). As will be 
explained more fully below, the assembly can also be 
used to join the sheet material for the type of column 
shown in FIG. 2A. However, with suitable structural 
modifications to prevent crushing of the beads 16, the 
basic principles of the rotary-type fastening assembly 
could be applied to the fastening of the side members to 
the columns. 

The sub-assemblies 136 and 138 include respective 
framework members 140 and 142 respectively. Frame- 
work member 140 has thickened block portions 140a, 
and framework member 142 has opposing thickened 
block portions 142a. Portions 140a and 142a define a 
passageway therebetween, for overlapping layers of 
sheet material 144, 146 to be joined, and serve to sup- 
port and guide the sheet material. Sub-assembly 136 has 
a driven disc 148 rotatably mounted thereon by a shaft 
150 keyed to disc 148 by a key 152 and extending 
through framework 140 to a drive motor 154. Disc 148 
has a plurality of sockets 156 extending radially there- 
into. In each socket 156 a respective punch element 158 
is secured by a pin 160. Block portions 140a are arcu- 
ately configured distal the sheet material 144, 146 to 
receive the disc 148 and are further provided with arcu- 
ate recesses 162 to permit passage of the punch elements 
158. 

Sub-assembly 138 has a second disc 164 journalled on 
a shaft 166 by a bushing 168. Shaft 166 is in turn keyed 
to framework member 142 by a key 170. Disc 164 is 
tangentially opposed to disc 148 and the circular path in 
which it is moved by motor 154. During such move- 
ment, the punch elements 158 are driven cyclically into 
and out of an annular recess 172 extending radially into 
disc 164. With the layers 144 and 146 of sheet material 
interposed between the discs 148 and 164, the circum- 
ferential edge surface 174 of disc 164 will serve as a 
backing surface for the sheet material, while the recess 
172 will permit each punch element 158 to pass through 
the sheet material cutting a pair of aligned holes 176, 
178 in the respective layers 144, 146 and forming a pair 
of overlapped tabs 180, 182 from the respective layers 
144, 146 of sheet material. The trailing side of each 
punch element 158 is bevelled as indicated at 158a to 
ensure the formation of a single tab from each layer of 
sheet material and the positioning of such tabs on the 
trailing sides of the holes from which they are c,ut. 

As the disc 148 continues to rotate, the element 158 
which has most recently cut through the sheet material 
remains engaged in the holes 176, 178 and drives the 
sheet material along in a path tangential to the discs 148, 
164. By the time that one punch element is withdrawn 
from the holes it has cut, the following punch element 
will be sufficiently engaged with the sheet material to 
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continue driving the same. Thus the assembly provides 
for continuous drive of the sheet material. 

After cutting, the depending tabs 180, 182 pass 
through a recess 184 in the adjacent block portion 142a. 
The sheet material next passes between a pair of tangen- 5 
daily opposed rollers 186 and 188 rotatably mounted on 
respective ones of the framework members 140, 142 in 
following relation to the discs 148 and 164. As the sheet 
material passes between rollers 186, 188, the tabs 180 
and 183 are bent back away from holes 176, 178 upon 10 
the main bodies of the layers of sheet material 144, 146. 
The tabs 180 and 182 thus form self-attaching means for 
holding the layers 144, 146 together. 

For simplicity, the framework members 140 and 142 
have been shown as generally rectangular in FIGS. 9 15 
and 10. However, it will be appreciated that, for pur- 
poses of positioning one or the other of the sub-assem- 
blies 136, 138 within one of the mandrels 52, it may be 
necessary to provide a framework member with a par- 
tially curved configuration and to position the related 20 
disc and bending roller accordingly. Furthermore, the 
direction of curvature will be determined by the orien- 
tation of the sub assembly in the mandrel 52. Such modi- 
fications are well within the skill of the art. It is also 
noted that, while an idler disc 164 has been provided in 25 
the preferred embodiment shown, for the purpose of 
reducing frictional resistance to movement of the sheet 
material, a stationary backing member having a recess 
for receipt of punch elements 158 could be employed. 

Referring now to FIGS. 14, 15, 16 and 17, there is 30 
shown a second form of fastening assembly having two 
sub-assemblies 190 and 192 adapted to receive over- 
lapped layers of sheet material 200, 202 therebetween. 
The assembly is primarily intended to be used for fasten- 
ing the side members 14 to the columns 12 (or 12') or for 35 
fastening the material of columns 12' (FIG. 3A) upon 
itself. When the assembly is used for fastening a side 
member to a column member, its sub-assemblies are 
disposed in positions 50 and 98 respectively illustrated 
in FIG, 7. It would also be possible, with suitable struc- 40 
tural modifications, to apply the basic principles of the 
assembly of FIGS. 14-17 to the joining of the material 
of the spiral wound columns 12. 

Sub-assembly 190 includes a housing 194 having a 
first solenoid assembly 196 mounted therein. The sole- 45 
noid assembly 196 includes a rod 198, which is moved 
toward the sheet material 200, 202 when the solenoid 
coll 204 is energized. Solenoid assembly 196 further 
includes a mounting block 206 and a compression spring 
208 to return the rod 198 in a direction away from the 50 
sheet material when the coil 204 is de-energized in the 
well known manner. 

The end of rod 198 closest to the sheet material 200, 

202 is sharpened to form a punch element 210. Thus the 
solenoid assembly 196 is operative to reciprocate the 55 
punch element 210 toward and away from the sheet 
material. The wall of housing 194 adjacent the sheet 
material has a slot 212 therein to permit the punch 210 
to pass outwardly through the housing and into the 
sheet material 200, 202 to cut a pair of aligned holes 60 
therein. A similar slot 215 is provided in the opposite 
housing wall distal the sheet material to receive the 
blunt end of rod 198 when the latter is in its retracted 
position. 

Both slots 212 and 214 are elongated in a direction 65 
transverse to the direction of reciprocation of rod 198, 
and the entire solenoid assembly 196 is mounted for 
reciprocation in such transverse direction. In particular, 
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mounting block 206 is slidably mounted in housing 194 
and is secured to one end of the rod 216 of a second 
solenoid assembly 218. Solenoid assembly 218 has a 
mounting block 220 which is fixedly mounted in hous- 
ing 194. 

When the coil 222 of solenoid assembly 218 is ener- 
gized, the attached solenoid assembly 196 is held in a 
position distal assembly 218 as illustrated in FIG. 14. 
When coil 222 is de-energized, the spring 224 of sole- 
noid assembly 218 moves rod 216 and attached solenoid 
assembly 196 toward solenoid assembly 218, i.e. in a 
first direction generally parallel to the sheet material 
and transverse to the direction of reciprocation of rod 
198. This brings the solenoid assembly 196 to the posi- 
tion illustrated in FIG. 15. Housing 194 has an aperture 
226 for receipt of the rod 216 during such movement. 
Then when coil 222 is again energized, rod 216 and 
solenoid assembly 196 are returned to the position of 
FIG. 14, i.e. moved in a second direction opposite to the 
first direction mentioned above. 

Mounting block 220 has, on the side adjacent the 
sheet material 200, 202, a flange 228 projecting toward 
solenoid assembly 196. A die member 230 is mounted on 
the flange 228 and extends into an opening 232 in the 
housing 194 whereby it is exposed to the sheet material 
200, 202. The mounting block 206 is undercut at 206a to 
receive flange 228 when solenoid assembly 196 moves 
toward solenoid assembly 218. 

The other sub-assembly 192 includes a framework 
234 in which is mounted a third solenoid assembly par- 
tially shown at 236. Solenoid assembly 236 is arranged 
so that, when its coil is not energized, its rod 238 is 
urged toward sheet material 200, 202 and sub-assembly 
190 by a compression spring, and when its coil is ener- 
gized, rod 238 is drawn away from sub-assembly 190, in 
the well known manner. A plate 240 is mounted on the 
end of rod 238 adjacent the sheet material for sliding 
movement toward and away from the sheet material in 
the framework 234. 

Plate 240 carries first and second die members 242 
and 244 respectively. First die member 242 is cylindri- 
cal having a planar annular support surface 242a adja- 
cent sheet materia] 200, 202. Thus, when rod 238 is 
extended toward the sheet material as shown in FIG. 
13, die member 242 supports the sheet material whereby 
the punch 210 can pass through the sheet material and 
into the bore of die member 242. Accordingly a pair of 
aligned holes 245 are formed in the respective layers of 
sheet material 200, 202 with a plurality of pairs of over- 
lapped tabs 246 of sheet material circumferentially 
spaced about the periphery of each such pair of holes 
and depending from the main bodies of the sheet mate- 
rial. 

Second die member 244 cooperates with die member 
230 (hereinafter referred to as the third die member) to 
bend the tabs 246 back upon (i.e. in overlying relation 
to) the main bodies of the sheet material to fasten the 
layers together. The surface of die member 244 facing 
sheet material 200, 202 serves as the bending surface for 
bending back the tabs 246 and includes a central projec- 
tion 244a whose apex is rounded and whose sides flare 
outwardly from the apex to the base. The bending sur- 
face further includes an annular concavity 244 b sur- 
rounding the base of projection 244a. Projection 244a is 
positioned to register with one of the pairs of aligned 
holes 245 which has been formed by punch 210 and also 
with a concavity 230a in the opposed surface of third 
die member 230. When die member 244 is moved 
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toward die member 230 by the spring of solenoid assem- 
bly 236, the free edges of tabs 246 are engaged by the 
projection 244a near its apex, then spread apart by the 
flared sides of projection 244a, and finally curled or 
folded back upon the main bodies of the sheet material 5 
by the concavity 244 b, as shown in the finished fasteners 
at the right in FIGS. 14 and IS and also in FIG. 16. 

The die member 230 is recessed at 2306 over an area 
including concavity 230a and slightly larger than the 
holes 245. Thus, as die member 244 is brought into 10 
engagement with the sheet material, the main bodies of 
the sheet material adjacent the aligned holes 245 are 
deformed into the recess 2306 thereby forming a 
slightly upset rim 247 around each such pair of holes. 
This increases the strength of the finished fasteners. 15 
Thus the surface of die member 230 including concavity 
230a and recess 2306 serves not only as a support sur- 
face for the bending action of die member 244, but also 
as a bending surface in and of itself. 

The sequential operation of the three solenoid assem- 20 
blies can best be understood by reference to FIG. 17 in 
conjunction with FIGS. 14 and 15. Such operation is 
cyclical, each cycle including five steps. FIG. 17 repre- 
sents only one simplified example of means for effecting 
such cyclical operation, and it will be apparent that 25 
numerous other means, including solid state electronics 
systems, could be employed. 

As indicated in FIG. 17, the sequencing means in- 
cludes a control panel or station for the entire truss- 
forming apparatus. By closing a switch 250 on panel 30 
248, a circuit is completed via leads 252 and 254 to a 
motor which rotates a shaft indicated at 256. Shaft 256 
is operatively connected to a rotor 258. Closing a 
switch 250 also supplies current through line 262 to a 
conductive ring on which are mounted five switches 35 
266, 268, 270, 272, and 274. Each of the latter switches 
is electrically connected to one or more of three lines 
278, 280, and 282 which are in turn connected to the 
coils of respective solenoid assemblies 196, 218, and 236. 
Switches 266-274 are normally open. When mechani- 40 
cally closed by engagement with rotor 258, each switch 
completes a circuit or circuits to the connected solenoid 
or solenoids. 

When rotor 258 is engaged with switch 266, solenoid 
assembly 218 is energized whereby solenoid assembly 45 
196 is held in a position distal solenoid assembly 218, i.e. 
in a position such that punch 210 is aligned with die 
member 242. Solenoid assembly 196 is de-energized so 
that punch is retracted from the sheet material 200, 202, 
and solenoid assembly 236 is also de-energized so that 50 
die members 242 and 244 are engaged with the sheet 
material. Switches 266-276 are symmetrically spaced 
about rings 264, and rotor 258 is sized so that its leading 
edge will engage each switch just before or substan- 
tially simultaneously with the disengagement of its trail- 55 
ing edge with the preceding switch. 

As rotor 258 engages switch 268, solenoid assembly 
218 remains energized to hold punch 210 in alignment 
with die member 242 and solenoid assembly 236 remains 
de-energized to retain die member 242 in a position 60 
supporting the sheet material. Solenoid assembly 196 is 
energized to effect a stroke of punch 210 through the 
sheet material and into the bore of die member 242. This 
position of the assembly is illustrated in FIG. 14. 

As rotor 258 engages switch 270, all three of the 65 
solenoids are energized. Thus punch 210 is retained in a 
position in alignment with die member 242 and in en- 
gagement with the pair of aligned holes which it has just 
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formed in the two layers of sheet material. However, 
die member 242 is retracted from the punch and the 
sheet material to permit subsequent lateral movement of 
the punch 210 to advance the sheet material. The latter 
movement is effected where rotor 258 engages switch 
272, retaining solenoid assemblies 196 and 236 in ener- 
gized condition, but permitting de-energizing of sole- 
noid assembly 218 whereby the entire solenoid assem- 
bly 196 with punch 210 still engaged in the sheet mate- 
rial is drawn toward solenoid assembly 218. This posi- 
tion of the apparatus is shown in FIG. 15. It will be 
noted that during this step, the tabs 246 adjacent the 
holes formed prior to those currently engaged by the 
punch are brought into alignment with die members 230 
and 244. 

Closing of switch 274 by rotor 258 permits solenoid 
assembly 196 to de-energize to retract punch 210 from 
the sheet material. Upon re-engagement of switch 266 
by rotor 258, punch 210 is retained in the retracted 
position, while solenoid assembly 218 is energized to 
return solenoid assembly 196 to a position distal sole- 
noid assembly 218 where punch 196 is once again 
aligned with die member 242. Simultaneously, solenoid 
assembly 236 is de-energized bringing die member 244 
into engagement with the aligned tabs 246 to fold back 
said tabs and deform the adjacent portion of the main 
bodies of the sheet material into the recess 2306 of die 
member 230. This also brings die member 244 into a 
supporting position with respect to the sheet material so 
that it is ready for the next stroke of the punch 210. 

Thus the fastening assembly of FIGS. 14 and 15, as 
operated by the sequencing means of FIG. 17, is, like 
the fastening assembly of FIGS. 8 and 10, operative not 
only to progressively fasten overlapped layers of sheet 
material together but also to advanfce the sheet material. 
It is also noted that the spacing between die members 
242 and 244 permits beads 16 of side member 14 to be 
received therebetween so that the side members may be 
joined to the column members of the truss without 
crushing the beads 16. 

The various assemblies described above, when incor- 
porated into the complete truss-forming apparatus 
shown in FIG. 4, may be powdered by any suitable 
means, such as electric motors, as is well known in the 
art. Furthermore, the speeds of operation of the various 
assemblies will be synchronized to permit smooth, con- 
tinuous operation of the entire apparatus. As mentioned 
above, the mechanisms for forming the three columns 
12 are preferably provided with respective variable 
speed motors 76 (see FIG. 4). By monitoring deviations 
of the progressing truss from a straight path, and then 
selectively varying the speeds of the motors 76, such 
deviations can be corrected before they advance be- 
yond a negligible degree to produce a virtually straight 
truss. Electric, electronic or other means may be pro- 
vided to automatically vary the speeds of the appropri- 
ate ones of the fastening assemblies in accord with the 
speed variations of the motors 76 so that smooth opera- 
tion will continue at all times. 

Referring once again to FIG. 1, there is diagrammati- 
cally illustrated one means of monitoring deviations of 
the truss 10 from a straight path. A transmitter 284 is 
mounted on or beneath the truss-forming apparatus for 
transmitting a laser or other beam 286 along the desired 
centerline of the truss 10. Beam 286 in effect serves as a 
stationary or reference target. An endpiece 288 is 
mounted on the free end of truss 10. At the center of 
endpiece 288 is a target point 288a which is movable 
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with the free end of the truss 10. The relative positions 
of beam 286 and target point 288a can be monitored by 
means well known in the art. It is then merely necessary 
to vary the speeds of the motors 76 so as to maintain 
beam 286 and point 288a in alignment. 5 

FIG. 1 also indicates that the truss 10 is being de- 
ployed from the oribiting vehicle 26 in the direction of 
the earth E. Thus the slight amount of force which is 
exerted on the truss 10 by the earth’s gravitational field 
is utilized to further guide the truss 10 in a straight path 10 
as it is formed and deployed. 

Referring finally to FIGS. 3A and 18-20, there is 
shown an alternate form of truss and apparatus for 
forming the columns thereof. As best seen in FIG. 3A, 
the truss 10' is generally triangular in transverse cross- 15 
sectional configuration having three columns 12' inter- 
connected by side members 14. Side members 14 are 
substantially identical to the like numbered members of 
the truss 10 of FIGS. 2 and 3. However, columns 12' 
differ from columns 12 in both general configuration 20 
and method of formation. 

Each column 12' is generally teardrop shaped in 
transverse cross-sectional configuration and is oriented 
with its apex facing laterally outwardly with respect to 
the truss 10' as a whole. A respective flange portion 12a 25 
extends outwardly from the apex of each column for use 
in connecting the truss 10' to other structural members. 
The columns 12' are formed by a technique commonly 
known as “roll forming” in which a strip of sheet mate- 
rial is curved around a mandrel to bring portions adja- 30 
cent its side edges into juxtaposition. These side por- 
tions are then secured together. 

To form the columns 12', apparatus such as is illus- 
trated in FIGS. 18-20 may be incorporated into the 
device shown in FIG. 4 in place of the column-forming 35 
assemblies 32. The apparatus of FIGS. 18-20 includes 
an outer support cylinder 290 which would be mounted 
on the plate 39 (FIG. 4). Three mandrels 292 are dis- 
posed within cylinder 290 parallel thereto and are 
mounted on cylinder 290 by spacers 294. 40 

A respective reel 296 is mounted below and radially 
inwardly of each mandrel 292 on brackets 298 extend- 
ing to plate 30. Each reel 296 contains a rolled strip of 
sheet material 300 oriented generally tangentially to the 
respective mandrel 292. The lower portion of each 45 
mandrel 292 is enclosed by a housing 302 haying open 
upper and lower ends and mounted on cylinder 290. A 
roller 304 is mounted on the bottom of each housing at 
its radially inner side to guide the respective strip of 
sheet material 300 into the open lower end of housing 50 
302. 

Within the housing 302 are a number of rollers, one 
which is indicated at 304, for beginning to curve the 
sheet material 300 around the mandrel 292. Above the 
uppermost one of the spacers 294, a pair of rollers, one 55 
of which is shown at 306 are rotatably mounted on 
cylinder 290 to direct the sheet material 300 further 
around the mandrel 292. Roller 306 has a cylindrical 
end portion 306a, as does a similar roller on the other 
side of mandrel 292, for forming flanges 300a adjacent 60 
the side edges of the sheet material 300 (see FIG. 20). 
These rollers bring the sheet material 300 almost com- 
pletely around the mandrel 292 but allow a sufficient 
gap between the flanges 300a, beginning to form there- 
below, to permit the sheet material to pass the upper- 65 
most spacer 294 (see FIG. 20). 

Just upwardly of the roller 306, a fastening assembly, 
which may be of the type shown in FIGS. 9 and 10 or 
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the type shown in FIGS. 14 and 15, is mounted on the 
cylinder 290. One of the sub-assemblies of the fastening 
assembly is shown at 308, and the other sub-assembly is 
similarly mounted in an opposed position on the other 
side of flanges 300a of the sheet material. The fastening 
assembly brings the flanges 300a into abutment and 
fastens them together to form the flange portion 12a of 
the resulting column 12'. 

Above the fastening assemblies, including sub-assem- 
bly 308, there would be a suitable framework mounting 
rolls of pre-cut sheet material for side members 14 and 
bead-forming assemblies such as shown in FIGS. 12 and 
13. Above the latter assemblies would be the fastening 
assemblies, shown in FIG. 19 and the upper part of 
FIG. 18, for fastening the side members 14 to the col- 
umns 12'. Each of these fastening assemblies includes 
one sub-assembly 310, mounted on the interior of a 
cylinder 312, which is in turn mounted at the upper end 
of the supporting framework (not shown) for the afore- 
mentioned bead-forming assemblies. The other sub- 
assembly 314 of the pair is disposed within the respec- 
tive mandrel 292. Each assembly 310, 314 is thus posi- 
tioned to secure a respective one of the attachment 
elements 18 of the side members 14 to the adjacent one 
of the columns 12'. 

From the foregoing detailed description it can be seen 
that the present invention provides a method and auto- 
mated apparatus for forming structural members which 
are uniquely suited for use in space. Although the sheet 
material from which the structural members are formed 
is extremely light, flexible and thin, the resulting struc- 
tural members are capable of withstanding tremendous 
compressive loads and may be used to construct large 
orbiting structures. 

For example, a single column of the teardrop form 
(FIG. 3A) was constructed from 0.012 in. (0.03 cm.) 
gauge aluminum. This specimen was 12 in. (30.48 cm.) 
in length and approximately 1.50 in. (3.81 cm.) wide 
(measured from side to side rather than from apex to 
base). The sheet material was fastened upon itself with 
7 self-attaching fasteners of the type shown in FIG. 16, 
spaced approximately 1.50 in. (3.81 cm.) apart. This 
specimen withstood compressive loads up to 1000 lbs. 
(4450 nt.). 

A complete truss segment of the type shown in FIG. 
3A was similarly tested. This specimen included side 
members of 0.008 in. (0.02 cm.) gauge alumnium and 
columns of 0.012 in. (0.03 cm.) gauge aluminum. The 
specimen was 72 in. (182.9 cm.) in length and 24 in. 
(60.96 cm.) wide on each side. This specimen withstood 
compressive loads up to 1580 lb. (7031 nt.). 

Thus the present invention provides a practical expe- 
dient for the construction of large space structures, such 
as orbiting solar collectors. By using a basic sheet mate- 
rial which is lightweight and readily compacted, it is 
possible to carry enough material to construct a large 
number of long structural units in a single trip of the 
transport vehicle. The use of the self-attaching fasteners 
also reduces bulk and weight by eliminating the need to 
transport separate fastening means. Furthermore, the 
formation of such fastening means produces no chips or 
other debris or wasteful by-products. The precutting of 
the material for the side members further reduces the 
weight of the material while also enhancing the unifor- 
mity of thermal expansion of the finished unit. Further- 
more, the apparatus may be fully automated thereby 
requiring minimal extra-vehicular activity by the oper- 
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ating personnel. Numerous other advantages inherent in 
the invention as described above will be evident. 

It can further be appreciated that various modifica- 
tions of the embodiments described above may be made 
without departing from the spirit of the invention. By 5 
way of example only, where a suitable plastic sheet 
material is used in place of aluminum, it might be se- 
cured upon itself by a heat fusion technique, rather than 
by the use of the tab-type fasteners disclosed above. It is 
also noted that terms such as “upwardly,” “down- 10 
wardly,” “above,” etc. have been used herein merely 
for convenience and with reference to the positions in 
which the apparatus appears in the drawings and are not 
intended in a limiting sense with regard to any actual 
positions in use. It is therefore intended that the scope of 15 
the invention be limited only by the claims which fol- 
low. 

I claim: 

1. A method of manufacturing in situ a structural 
member from compactly stored flexible single sheet ^ 
material comprising: 

(a) progressively forming a plurality of generally 
tubular column members, each by advancing sheet 
material from an independent source into a column ^ 
forming assembly, and deploying the column mem- 
bers generally parallel to one another; 

(b) interconnecting adjacent column members simul- 
taneously with the forming thereof by progres- 
sively securing a respective side member between 
each such pair of adjacent column members each 
side member being comprised of a strip of the sheet 
material advanced from an independent source. 

2. The method of claim 1 wherein each of said side 
members includes a pair of opposite side edges and is 35 
oriented with each such side edge disposed adjacent a 
respective one of the column members interconnected 
by said side member. 

3. The method of claim 2 wherein the securing of said 
side members to said column members includes forming 40 
selfattaching fasteners of the sheet material of said col- 
umn members and side members. 

4. The method of claim 3 wherein the sheet material 
of the side member adjacent each of said side edges is 
positioned adjacent the respective column member to 45 
form overlapping layers of the sheet material of said 
side member and said column member, said securing 
including punching through said overlapping layers to 
form overlapping tabs of said sheet material depending 
from the main bodies of said sheet material, and bending 50 
said tabs back upon the main bodies of said sheet mate- 
rial. 

5. The method of claim 2 wherein the sheet material 
of each of said side members is compacted in the form of 

a roll prior to formation of said structural member and 55 
deployed from such roll during formation of the struc- 
tural member. 

6. The method of claim 5 wherein the sheet material 

of each of said side members is pre-cut to form, a pair of 
attachment elements extending longitudinally along 60 
said side edges for securing to said column members, a 
plurality of strut elements extending transversely be- 
tween said attachment elements, and a plurality of open 
spaces between said attachment elements and strut ele- 
ments. 65 

7. The method of claim 6 wherein at least some of said 
strut elements are formed generally perpendicular to 
said attachment elements to serve as compression struts. 
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8. The method of claim 7 including sequentially form- 
ing elongate beads on each of said side members, each of 
said beads being formed to extend between the side 
edges of said side member along a respective one of said 
compression struts and being formed prior to securing 
the adjacent portions of said attachment elements to 
said column members. 

9. The method of claim 7 wherein others of said strut 
elements are formed diagonally with respect to said 
attachment elements and compression struts to serve as 
tension struts. 

10. The method of claim 1 wherein each of said col- 
umn members is formed from a respective strip of said 
sheet material closed upon itself. 

11. The method of claim 10 wherein three of said 
column members are formed. 

12. The method of claim 10 wherein the sheet mate- 
rial of each of said column members is compacted in the 
form of a roll prior to formation of said column member 
and is deployed from such roll during formation of the 
column member. 

13. The method of claim 10 including fastening the 
sheet material of each of said column members upon 
itself to form said column member by forming self- 
attaching fasteners of the sheet material of said column 
member. 

14. The method of claim 13 wherein said fastening 
includes disposing portions of the sheet material of each 
of said column members in overlapping layers, punch- 
ing through said overlapping layers to form overlap- 
ping tabs of said sheet material depending from the main 
body of said sheet material, and bending said tabs back 
upon the main body of said sheet material. 

15. The method of claim 10 wherein each of said 
columns is formed by helically winding the respective 
strip of sheet material. 

16. The method of claim 10 wherein the strip of sheet 
material of each of said column members includes a pair 
of opposite side edges, and wherein each of said col- 
umns is formed by rolling said strip of sheet material to 
bring said side edges into juxtaposition. 

17. The method of claim 1 being performed in space. 

18. The method of claim 17 including providing a 
reference target and forming and deploying said struc- 
tural member in the direction of said target. 

19. The method of claim 18 including selectively 
varying the speeds of formation of said column mem- 
bers to maintain said structural member in alignment 
with said target. 

20. The method of claim 19 including sensing a mov- 
able target mounted on and movable with said struc- 
tural member and varying said speeds to maintain said 
targets in alignment. 

21. The method of claim 17 including forming and 
deploying said structural member toward the earth. 

22. The method of claim 1 using aluminum as said 
sheet material. 

23. Apparatus for manufacturing in situ a structural 
member from compactly stored flexible single sheet 
material comprising: 

a plurality of storage means adapted to receive the 
flexible single sheet material in compacted form; 

column-forming means for progressively forming a 
plurality of tubular column members each by ad- 
vancing sheet material from one of said plurality of 
storage means and deploying said column members 
generally parallel to one another; 
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means for progressively positioning a respective side 
member between adjacent column members simul- 
taneously with the forming thereof, each side mem- 
ber being comprised of a strip of the sheet material 
advanced from one of said plurality of storage 5 
means; 

and connecting means for progressively securing 
each side member to the adjacent column mem- 
bers. 

24. The apparatus of claim 23 wherein said storage 10 
means comprise storage reels for receiving said sheet 
material in roll form. 

25. The apparatus of claim 24 including a separate 

one of said storage reels for each of said column mem- 
bers and side members. 15 

26. The apparatus of claim 23 wherein said column- 
forming means includes a respective column-forming 
assembly for each of said column members, each of said 
column-forming assemblies comprising means for clos- 
ing a respective strip of said sheet material upon itself to 20 
form the respective column member. 

27. The apparatus of claim 26 wherein each of said 
column-forming assemblies is operative to helically 
wind the respective strip of said sheet material. 

28. The apparatus of claim 27 wherein said storage 25 
means comprise a separate storage member for the strip 
of sheet material of each of said column members, and 
wherein each of said column-forming assemblies com- 
prises a stationary mandrel, guide means for directing 
the respective strip of sheet material from the respective 30 
one of said storage members onto said mandrel, and 
means mounting said storage member and said guide 
means for rotation about said mandrel to helically wrap 
said strip of sheet material on said mandrel. 

29. The apparatus of claim 26 wherein the strip of said 35 
sheet material of each of said column members includes 

a pair of opposite side edges, and wherein each of said 
column-forming assemblies is operative to roll said strip 
of said sheet material to bring said side edges into juxta- 
position. 40 

30. The apparatus of claim 26 wherein each of said 
column-forming assemblies includes a fastening assem- 
bly for fastening the sheet material of the respective 
column member upon itself by forming self-attaching 
fasteners of the sheet material of said column member. 45 

31. The apparatus of claim 30 wherein each of said 
column-forming assemblies is operative to dispose por- 
tions of the respective strip of sheet material in overlap- 
ping layers, and wherein said fastening assembly in- 
cludes punch means for punching through said overlap- 50 
ping layers to form overlapping tabs of said sheet mate- 
rial depending from the the main body of said sheet 
material, and bending means for bending said tabs back 
upon the main body of said sheet material. 

32. The apparatus of claim 31 wherein said punch 55 
means is carried by a rotary carrier disposed generally 
tangentially to said overlapping layers of said sheet 
material. 

33. The apparatus of claim 31 wherein said punch 
means is mounted for reciprocation generally into and 60 
out of said overlapping layers of said sheet material. 

34. The apparatus of claim 33 wherein said punch 
means is further mounted for movement in a path gener- 
ally transverse to the direction of said reciprocation 
while engaged in said overlapping layers to advance 65 
said sheet material. 

35. The apparatus of claim 26 wherein each of said 
column-forming assemblies includes a column drive 
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assembly, the speeds of said column drive assemblies 
being individually selectively variable to vary the 
speeds of formation of said column members. 

36. The apparatus of claim 23 wherein each of said 
side members includes a pair of opposite side edges, and 
wherein said positioning means is operative to orient 
each of said side members with each of its side edges 
adjacent a respective one of the column members to be 
interconnected by said side member. 

37. The apparatus of claim 36 wherein said connect- 
ing means comprises a plurality of fastening assemblies, 
each for securing a respective side of a respective one of 
said side members to the adjacent one of said column 
members by forming self-attaching fasteners of the 
sheet material of said column member and said side 
member. 

38. The apparatus of claim 37 wherein said position- 
ing means is operative to position the sheet material 
adjacent each of said side edges adjacent the respective 
column member to form overlapping layers of the sheet 
material of said side member and said column member, 
and wherein said fastening assembly includes punch 
means for punching through said overlapping layers to 
form overlapping tabs of said sheet material depending 
from the main bodies of said sheet material, and bending 
means for bending said tabs back upon the main bodies 
of said sheet material. 

39. The apparatus of claim 38 wherein said punch 
means is carried by a rotary carrier disposed generally 
tangentially to said overlapping layers of said sheet 
material. 

40. The apparatus of claim 38 wherein said punch 
means is mounted for reciprocation generally into and 
out of said overlapping layers of said sheet material. 

41. The apparatus of claim 40 wherein said punch 
means is further mounted for movement in a path gener- 
ally transverse to the direction of said reciprocation 
while engaged in said overlapping layers to advance 
said sheet material. 

42. The apparatus of claim 31 further comprising 
bead-forming means operative to sequentially form a 
series of elongate beads on each of said side members, 
each of said beads being formed to extend between the 
side edges of the respective side member and prior to 
securing of the adjacent portions of said side member to 
said column members by said connecting means. 

43. The apparatus of claim 42 wherein said bead- 
forming means includes a plurality of bead-forming 
assemblies each associated with a respective one of said 
side members, each of said bead-forming assemblies 
including opposed first and second die members having 
said side member interposed therebetween, first drive 
means for simultaneously reciprocating said die mem- 
bers toward and away from said side member, and sec- 
ond drive means for advancing said die members in a 
first direction generally parallel to said side member 
when said die members are engaged with said side mem- 
ber and for retracting said die members in a second 
direction generally opposite said first direction when 
said die members are disengaged from said side mem- 
ber. 

44. The apparatus of claim 42 wherein said die mem- 
bers have mating arcuate cross-sectional configurations 
for forming arcuate beads. 

45. A structural member comprising: 

a plurality of tubular, generally parallel column mem- 
bers formed of flexible sheet material. 
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a plurality of respective side members, each com- 
prised of a strip of sheet material interconnecting 
adjacent pairs of the column members, each of said 
side members including a pair of longitudinally 
extending attachment elements secured to respec- 
tive ones of the connected pair of column members, 
and Strut elements extending transversely between 
said attachment elements, with open spaces be- 
tween said attachment elements and strut elements, 
and wherein at least some of said strut elements are 
disposed generally perpendicular to said attach- 
ment elements to serve as compression struts, and 

wherein each of said compression struts has an elon- 
gate bead extending therealong and through the 
adjacent portions of said attachment elements, and 

first self-attaching means connecting each side mem- 
ber to the adjacent column members and formed by 
the members connected. 

46. A structural member according to claim 45 
wherein said beads are of arcuate cross-section configu- 
ration. 

47. A structural member according to claim 45 
wherein others of said strut elements are disposed diag- 
onally with respect to said attachment elements and 
compression struts to serve as tension struts. 

48. A structural member according to claim 48 
wherein the sheet material of each of said side members 
overlaps the sheet material of the connected column 
members, and wherein said first self-attaching means 
include overlapping tabs of said sheet material cut from 
the main bodies of said overlapping sheet material and 
folded back upon the main bodies. 

49. A structural member according to claim 51 
wherein each of said first self-attaching means includes 
a plurality of pairs of said overlapping tabs radiating 
from a common pair of aligned apertures in the main 
bodies of said overlapping sheet material. 

50. A structural member according to claim 48 
wherein each of said column members is comprised of a 
respective strip of sheet material closed upon itself. 

51. A structural member according to claim 50 
wherein the sheet material of each of said column mem- 
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bers is fastened upon itself by second self-attaching 
means formed by said column member. 

52. A structural member according to claim 51 
wherein the sheet material of each of said column mem- 

5 bers forms overlapping layers, and wherein said second 
self-attaching means include overlapping tabs of said 
sheet material cut from the main body of said overlap- 
ping sheet material and folded back upon said main 
body. 

10 53. A structural member according to claim 52 

wherein each of said second self-attaching means in- 
cludes a plurality of pairs of said overlapping tabs radi- 
ating from a common pair of aligned apertures in said 
overlapping sheet material. 

54. A structural member according to claim 50 
wherein the sheet material of each of said column mem- 
bers is helically wound. 

55. A structural member according to claim 50 

2Q wherein the strip of sheet material of each of said col- 
umn members includes a pair of opposite side edges, 
said strip of sheet material being rolled so that said side 
edges are juxtaposed. 

56. A structural member according to claim 55 

25 wherein each of said column members is generally tear- 
drop-shaped in transverse cross section. 

57. A structural member according to claim 56 
wherein said column members are oriented such that 
the apexes of said teardrop shapes face laterally out- 

30 wardly, and wherein each of said side members is dis- 
posed generally tangentially to the connected column 
members. 

58. A structural member according to claim 57 
wherein the strip of sheet material of each of said col- 

35 umn members has flange portions adjacent to and in- 
cluding said side edges and extending laterally out- 
wardly from the apex of said teardrop shape. 

59. A structural member according to claim 48 
wherein said sheet material is aluminum. 

40 60. A structural number according to claim 45 

wherein there are three of said column members. 
***** 
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